Objective : Epidural haematoma (EDH) most commonly occurs in the supratentorial area, particularly in the temporal region, of the brain. Posterior fossa epidural haematoma (PFEDH) is less frequently observed, accounting for only 1.2% to 12.9% of all EDH cases. Because of the non-specific symptoms and the potential for rapid and fatal deterioration in children, an early computed tomography (CT) scanning is necessary for all suspicious cases. The aim of the present study was to share the experience of 48 cases and review the literature concerning PFEDH. Methods : A retrospective analysis was conducted for 48 paediatric cases diagnosed with PFEDH and admitted to Yuying Children's Hospital of Wenzhou Medical University from January 2010 to August 2015. The clinical features and outcomes were analyzed and compared with previous literature. Results : Seventeen patients were surgically treated in this series and 31 patients received non-operative treatment. The outcomes were good in 46 patients, evaluated using the Glasgow outcome score (GOS), while mild disability was observed in one patient, and only one case showed severe disability. There were no cases of mortality in this series. Conclusion : Posterior fossa epidural haematoma is relatively rare compared with supratentorial epidural haematoma. Early and serial CT scans should be performed for all suspicious cases. The criteria for the surgical treatment of paediatric patients with PFEDH were concluded. The overall prognosis was excellent in paediatric patients.
INTRODUCTION
An epidural haematoma (EDH) is most commonly occurs in the supratentorial area, particularly in the temporal region, of the brain. Posterior fossa epidural haematoma (PFEDH) is less frequently observed, accounting for only 1.2% to 12.9% of all EDH cases 2, 10, 21, 23) . Because of the non-specific symptoms and the potential for rapid and fatal deterioration in children, an early computed tomography (CT) scanning is necessary for all suspicious cases 21, 23) . Although surgical evacuation is suitable for most PFEDH patients, some patients without mass effect can be conservatively treated 21, 23) . Several studies have reported good outcomes of PFEDH in children 1, 2, [6] [7] [8] 10, 17, 23) . The aim of the present study was to analyse the outcomes of 48 https://doi.org/10.3340/jkns.2016.0506.007 paediatric patients with PFEDH at the Children's Trauma Centre and review this child age group in the literature.
MATERIALS AND METHODS
In total, 647 cases with traumatic EDH were admitted to the hospital within a period of 6 years (2010-2015); among which, 336 patients were less than 18 years of age. Among these 336 patients, a total of 48 paediatric cases of PFEDH were identified. The clinical data obtained from the medical and radiographic records were retrospectively analysed. We recorded the demographic data, trauma type, clinical signs and symptoms, CT findings, treatment type, and outcomes. This study was approved by the Regional Ethics Committee of the Second Affiliated Hospital of Wenzhou Medical University and all patients signed informed consents.
The Glasgow coma scale (GCS) was used to assess the level of consciousness at presentation and during and after treatment. Upon admission, CT scans were obtained for all suspicious patients with a history of head injury. We evaluated the CT findings, including the volume of the haematoma, the presence of fourth ventricle compression, the hydrocephalus and obliteration of the perimesencephalic cistern, the presence and pattern of the skull fracture, and the associated intracranial lesions. The decision for surgical or expectant treatment primarily depended on the CT findings and the clinical condition of the patients. The criteria for surgical intervention included a clot volume ≥15 mL or the presence of fourth ventricle compression or displacement and/or obstructive ventriculomegaly. Patients with small haematomas (volume <10 mL) without mass effects and no associated intracranial lesions or midline shift were conservatively treated. Treatment was individualised based on the clinical condition of the patients, i.e., a haematoma volume ranging from 10 to 15 mL. At follow up, the outcome was evaluated using the Glasgow outcome scale (GOS). The patients were classified into five groups according to the GOS : 5 (good recovery), 4 (moderate disability), 3 (severe disability), 2 (persistent vegetative state), or 1 (death).
Upon admission, an emergency physician conducted a rapid and accurate examination of all patients, which included an assessment of the level of consciousness and pupillary reactivity. Further medical treatment included respiratory support with mechanical ventilation, treatment of fluid resuscitation, treatment of haemorrhage and associated substantial extra cranial injury, as appropriate.
Each patient underwent a CT plain scan and careful examination by an experienced trauma team (comprising trauma surgeons, anaesthesiologists, radiologists and nurses). Depending on the CT findings and the clinical condition, patients underwent surgery and/or were admitted to the paediatric intensive care unit (PICU) or paediatric ward. Patients requiring close observation were admitted to PICU, and neurological monitoring was performed, with hourly GCS and pupillary examinations. Consecutive follow-up CT scans were routinely performed after injury, particularly within the first 72 hours of hospital admission. Treatment was individualised from patient to patient.
Trauma surgeons provided neurosurgery in consultation with neurosurgeons for complicated issues. Anaesthesiologists in cooperation with trauma surgeons and neurosurgeons were responsible for the intensive care. Neurosurgeons in cooperation with radiologists interpreted the CT scan findings. For patients with surgical indications, the standard surgery, suboccipital craniectomy, was immediately performed. During the postoperative period, all patients routinely underwent a CT scan within 6 hours to assess the completeness of evacuation and/or resolution of the fourth ventricle compression.
RESULTS
With a mean age of 5.42 years ranging from 6 months to 16 years, 24 boys and 24 girls with a male-to-female ratio of 1 : 1 were examined in the present study. The most common cause of PFEDH was a fall from a height in 38 patients (79.2%), and 10 patients were victims of motor vehicle accidents (20.8%). Thirty-six patients (75%) were admitted within 24 hours of injury, 11 patients (22.9%) were admitted within 48 hours of injury, and one patient was brought to the hospital within 72 hours of injury.
The mean GCS score upon admission of this series was 13 (ranging from 4 to 15). A total of 36 patients (75%) were admitted to the centre with the GCS scores of 13-15, seven patients (14.6%) were admitted with the GCS scores of 9-12, four patients (8.3%) were admitted with the GCS scores of 6-8, and only one patient (2.1%) was admitted with a GCS score of less than 5. The most common symptoms were vomiting and head-ache, presenting in 23 (47.9%) and 25 (52.1%) patients, respectively. A total of five cases (10.4%) had the temporary loss of consciousness and seven cases (14.6%) were asymptomatic.
The volume of the haematomas varied from 3 to 28 mL. The mean volume of the clot was 6.2 mL (ranging from 3 to 13 mL) in conservatively treated patients, and 18.3 mL (10-28 mL) in surgically treated patients. Occipital bone fractures were observed in 38 patients (79.2%), and multiple intracranial injuries were present in 21 patients (43.8%). Unilateral haematomas were detected in a majority of children with PFEDH, and bilateral haematomas were present in three patients in this series. Compression or displacement of the fourth ventricle was observed in eight cases, and ventricular dilation was observed in five cases. The clinical data for children with PFEDH are summarised in Table 1 .
We operated on 17 patients : 14 patients underwent immediate surgery after diagnosis, and three patients, initially planned for conservative management, deteriorated in consciousness during hospitalisation. At surgery, 11 patients bled from the fracture lines, and no evidence of the source of bleeding was observed in six patients (Fig. 1 ). There were no cases of mortality among the surgically treated patients. Thirty-one patients were conservatively managed ( Fig. 2) , undergoing close observation of their neurological status and serial CT scanning (at 24, 48, and 72 hours after admission).
Except for two cases, all patients had good recovery after a mean hospital stay of 5.4 days. The mean follow-up duration was 14.3 months (ranging from 3 to 24 months). The GOS was used to assess the neurological outcomes. Patients whose score was 5 or 4 were classified as having a good outcome, and those with a score between 1 and 3 were classified as having a poor outcome. The GOS showed that 46 patients had good outcomes, while one patient had a moderate disability but was independent (GOS 4), and one patient had a disability (GOS 3). No mortalities were observed in this series. The outcomes for children with PFEDH are summarised in Table 2 .
DISCUSSION
Traumatic PFEDH is an uncommon entity 2, 10, 21, 23) . After the introduction of CT scanning, the incidence of PFEDH has increased during childhood, but few clinical reports have been generated in the literature in the past two decades 2, 6, 8, 10, 21, 23) . This institution is a secondary trauma centre, which is also a professional and experienced paediatric trauma unit in a mediumsized city with approximately 600 cases of head trauma annually, 9.3% of paediatric-age patients with epidural haematomas and traumatic PFEDHs in children, accounting for 1.5% of all patients. Compared with the data in previous studies, this series contained significantly more patients with delayed admissions. Twelve (25%) of the patients examined in the present study were admitted after the first 24 hours. Most of these patients were referred to the hospital because of haematoma enlargement and/ or clinical deterioration, as the patients were conservatively treated in small local hospitals or private clinics. In addition, there were a few patients for whom direct transport was not possible, reflecting the proximity of the trauma centre.
The most common cause of PFEDHs in children is a fall, as 78.7% of the patients had a history of a fall in the present study, consistent with previous reports in this age group 2, 10, 21, 23) . Motor vehicle accidents, which most often occur with older children, accounted for 21.3% of the PFEDH patients examined in the present study. The findings revealed an age distribution ranging from 6 months to 16 years, with a mean of 5.4 years. Older children were predominantly affected, and the occurrence of PFEDH in children <3 years was extremely rare 2, 10, 21, 23) . Unfortunately, two infants were observed among these patients, a 6-month-old boy and a 7-month-old girl. Both patients presented with a PFEDH after a fall from a height and were operatively treated.
According to the presentation and duration of clinical manifestations, the clinical course in PFEDH can be classified into 10, 12, 18) . Subacute and chronic haematomas have rarely been documented in previous literature 2, 10, 18, 21, 23) . In the present study, all patients were acute, and the majority of patients with PFEDH initially presented with mild symptoms that gradually progressed 5) . Typically, occipital trauma is associated with severe headache and vomiting, marked with alterations in the state of consciousness and, occasionally, a lucid interval. Vomiting and headache were the most common manifestations observed in the present series, consistent with previous reports 2, 10, 23) . A majority of the cases in the published series involved mild head injuries (GCS, [13] [14] [15] . Cases of severe head injury (GCS, 3-8) have been uncommonly reported in previous literature 1, 2, 10, 21, 23) . Indeed, we observed 36 mild, seven moderate and five severe head injuries in the present series. Consistent with other authors, we also suggest that the GCS score upon admission is the main determinant of the outcome in children with PFEDH. Based on these data and the good outcomes observed in the present series, we propose that good GCS scores indicate a favourable prognosis. Lucid interval is classically observed in EDH; however, this feature is uncommon in paediatric PFEDHs. Only 11 patients (22.9%) were observed in the present study, and a lucid interval was more often observed in patients with associated supratentorial lesions 10) . In addition, patients with associated supratentorial lesions in PFEDH also present other complications including contusions, diffuse oedema and subarachnoid haemorrhage. In the present study, we observed such supratentorial lesions in 12 of the 48 cases (25%) examined, which was similar to other reports 21, 23, 24) . A non-contrast CT, which detects an occipital skull fracture, the volume and location of haematomas, and associated supratentorial lesions, is a useful imaging tool for evaluation in PFEDH 18, 23) . Because the CT findings are generally found earlier than the clinical manifestations, the diagnosis rate increases 4) . Hence, we advise that upon admission, CT scans be obtained in all suspicious patients who have a history of head injury. Furthermore, we routinely performed consecutive follow-up CT scans in conservatively treated cases, particularly within the first 72 hours of hospital admission.
The incidence of occipital skull fractures associated with paediatric PFEDHs, such as Sencer et al.'s 23) series (87.5%) and
Prasad et al.'s 21) series (72.7%), has been frequently published in the literature. An occipital bone fracture was identified in almost 79.2% of the patients examined in the present study. The presence of an occipital fracture has been considered the most reliable indicator for the development of haematomas. However, Harwood-Nash et al. 11) reported that only 3% of the children with occipital fractures developed PFEDH. The incidence of bilateral haematomas is a relatively infrequent finding, particularly in cases of midline bone fracture and dural venous sinus injury 10) . Bilateral haematomas were detected in 6.3% of the cases examined in the present study, which is consistent with other reports (Fig. 3) 10, 16) . Hydrocephalus may occur when there is a remarkable mass effect in the posterior fossa. The incidence of hydrocephalus or ventricular dilation is uncommon in paediatric PFEDHs, and the presence of hydrocephalus on a CT scan is an ominous sign for poor prog- https://doi.org/10.3340/jkns.2016.0506.007 nosis 2, 3, 6, 15, 16, 20, 22) . In the present study, five of the patients examined had hydrocephalus, while Sencer et al. 23) observed hydrocephalus in six cases, and Prasad et al. 21) did not observe any cases of hydrocephalus. In these cases, hydrocephalus was resolved immediately after surgery. The traditional treatment of PFEDH is surgical evacuation 1, 2, 9, 10) , although an increasing number of patients are currently conservatively treated 21, 23) . The criteria for an early surgical management or conservative treatment remain unclear 1, 4, 14) . Table 3 summarises the surgical indications of the available major cases of children with PFEDH in the literature. The majority of studies list surgical indications, such as a haematoma volume >10 mL, a midline shift >5 mm, the obliteration of perimesencephalic cisterns, the displacement of the fourth ventricle and the presence of hydrocephalus 3, 4, 8, 10, 16, 19, 20, 23, 25) . However, in 2015, Prasad et al. 21 ) examined 22 cases of paediatric PFEDH and concluded that patients who underwent a CT scan showing a haematoma volume >20 mL and/or fourth-ventricle mass effect with/without ventriculomegaly should undergo surgery. In addition, Sencer et al. 23) suggested that haematoma thickness instead of volume should be used as a critical surgical criterion, and all patients with a haematoma thickness of less than 5 mm were followed up conservatively in the 40 cases examined. In the present study group, all patients with a haematoma volumes ≥15 mL or the presence of fourth ventricle compression or displacement and/or obstructive ventriculomegaly were immediately surgically evacuated. During the operation, 11 patients had bleeding from fracture lines, and no evidence of the source of bleeding was observed in six patients. There were no mortalities among the surgically treated patients. In addition, enlarging haematomas and neurological deterioration are indications for surgical management 23) . A total of three patients were initially conservatively managed but deteriorated in consciousness during hospitalisation. Thus, we recommend, based on experience, immediate evacuation in patients with indications for surgical intervention, as these individuals may rapidly deteriorate, worsening their prognosis. Thirty-one patients were conservatively managed by close observation and serial imaging, as these patients had normal neurological statuses, and the admission CT scans showed a small haematomas without significant mass effects.
Previous studies have suggested that the prognosis for children with PFEDH is good 1, 2, 10, 13, 21, 23) . For instance, Prasad et al. 21) , in a series of 22 children with PFEDH, reported that all patients had good outcomes, except one case of moderate disability. Sencer et al. 23) reported 40 cases of patients with good outcomes. Gupta et al. 10) reported one case of severe disability and two cases of moderate disability among the 19 children PFEDH examined in their study. Berker et al. 2) reported a single case of mortality and one case of moderate disability among 16 children with PFEDH. In the present study, 35.4% of the patients received surgical treatment, and 64.6% of the patients were conservatively followed up. The majority of these patients had good outcomes; one patient had a moderate disability, but was independent (GOS 4); and one patient had a Surgical treatment must be carried out immediately when the diagnosis has been established.
Ersahin and Mutluer (1993) 8) Once the diagnosis of a posterior fossa extradural hematoma is made, the symptomatic hematomas should be evacuated immediately.
Gupta et al. (2002) 10)
Hematoma more than 10 mL in volume, more than 15 mm in thickness, with a midline shift of more than 5 mm, medullary compression and associated intracranial lesions.
Berker et al. (2003) 2)
When the diagnosis is established, surgery should be performed as soon as possible even if the neurological examination is normal.
Sencer et al. (2012) 23) a hematoma thickness of greater than 15 mm or the hematoma thickness varied between 5 and 15 mm with injuries/ conditions (for instance, a contusion, pneumocephalus, or SAH) causing additional mass effect or a GCS score less than 15.
Prasad et al. (2015) 21)
A hematoma with a volume of >20 mL or radiological evidence of posterior fossa mass effect in the form of fourthventricle distortion or compression and/or obstructive ventriculomegaly, irrespective of the GCS score.
This study (2016) Clot volume ≥15 mL or presence of fourth ventricle compression or displacement and/or obstructive ventriculomegaly.
PFEDH : posterior fossa epidural haematoma, SAH : subarachnoid hemorrhage, GCS : Glasgow coma scale disability (GOS 3). There were no mortalities observed among this study population. Thus, to reduce the morbidity and mortality, we suggest that surgical removal should never be delayed when a haematoma has been indicated.
CONCLUSION
PFEDH is relatively rare compared with supratentorial epidural haematoma. Early and serial CT scans should be performed for all suspicious cases. The criteria for the surgical treatment for paediatric patients of PFEDH have been described, and the overall prognosis was excellent in paediatric patients.
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